| INTRODUC TI ON
Accessory pathways (APs) can be arrhythmogenic and contribute to a reentry circuit of atrioventricular reentrant tachycardia (AVRT). In most cases, APs can be successfully treated by radiofrequency catheter ablation (RFCA). However, in patients with valvular heart disease, RFCA of APs is challenging, especially if the AP is located at a valve annulus that has undergone replacement or repair. The optimal strategy for RFCA of APs at the site of prior valve surgery (VS) remains unclear, as very few case reports on this have been published to date. [1] [2] [3] [4] [5] We aimed to clarify the factors associated with successful RFCA for such APs. In this context, the specific goals of the present study were: (a) to elucidate the electrophysiological features and RFCA outcomes of APs at the site of prior VS; and (b) to identify useful catheter approaches and RFCA techniques for successful ablation of such APs.
| ME THODS

| Patients
The study design was approved by the institutional review board of our hospital (IRB Number: 4-2018-0649). The study was conducted in compliance with the Declaration of Helsinki. The institutional review board waived the need for informed consent of the patients to be included in the analysis, as well as the need for review by a critical event committee because this was a retrospective study and no patient identification data are presented.
The study included a group of patients who received RFCA for APs located at an annulus previously involved in mitral or tricuspid VS (total-VS group, based on registry and case report data), as well as a control group consisting of RFCA recipients with structurally normal heart and without a history of VS (no-VS group) ( Figure 1 ).
To select suitable patients, we retrospectively reviewed the RFCA registry data of patients (age ≥ 15 years) with APs treated between January 2004 and June 2018 at Severance Hospital or Asan Medical Center, which are large-volume university hospitals in Seoul, Korea; patients who received RFCA for APs at the site of previous VS were included in the registry-VS subgroup.
In addition, we searched the literature for case reports describing patients who received RFCA for APs at the site of previous VS, [1] [2] [3] [4] [5] and included such patients in the historical-VS group of the total-VS group. The no-VS group included patients with structurally normal heart and without a history of VS, who underwent RFCA for APs during the year leading up to the study in the same electrophysiological laboratory as the patients in the registry-VS subgroup.
| Electrophysiological studies
Complete electrophysiological data were only available for the patients included in the RFCA registry, and not for those described in the case reports. Therefore, we only analyzed electrophysiological data for patients in the RFCA registry (i.e., the registry-VS group and the no-VS group), and described the protocol followed in the centers participating in the RFCA registry. After the electrophysiological catheters were positioned, programmed electrical stimuli were applied, with or without isoproterenol infusion. After tachyarrhythmia was induced, the mechanisms of tachycardia were elucidated using conventional differential pacing maneuvers. In patients with a concealed AP, the AP potentials were mapped during ventricular pacing and AVRT. In patients with a manifest AP, the AP potentials were mapped during sinus rhythm, ventricular pacing, and AVRT. The precise AP location was confirmed, and RFCA was performed. The end points of RFCA were no evidence of AP and no inducibility of tachycardia. Follow-up electrocardiography (ECG) was performed at 1 day, 1-2 weeks, and 3-6 months after RFCA.
| Data acquisition and statistical analyses
The medical records, operation records, echocardiographic reports, electrophysiological reports, intracardiac electrograms and fluoroscopic images stored in the RFCA registry were reviewed.
For patients in the historical-VS group, we carefully reviewed all information included in the published case reports. Manifest APs, APs with decremental conduction property, and antidromic AVRT were significantly more frequent in the total-VS group than in the no-VS group. APs with slow and decremental conduction were found in all three patients who had undergone TVR for
Ebstein anomaly, as well as one patient who had undergone MVR.
In the total-VS group, the rates of acute success, major complications, and recurrence were 77.8%, 0%, and 0%, respectively. In the registry-VS group, the success rate was 2/4 (50.0%). The number of RFCA attempts was significantly higher in the total-VS group than in the no-VS group (P < 0.001). There were no significant differences between the two groups regarding age, gender, location of the APs, or duration of follow-up. Table 2 provides detailed information regarding the nine patients in the total-VS group, among whom six had previously undergone MVR or MVr. RFCA of APs at the site of prior mitral VS was successful in four patients and failed in two patients. Among the four patients who underwent successful RFCA for APs at the site of prior mitral VS, the transaortic approach, coronary sinus (CS) approach, and bipolar ablation technique using both the transaortic and CS approaches were used in two, one, and one patient, respectively ( Table 2 ). The transseptal approach was not effective in any of the five patients who underwent RFCA using this approach. We further provide an overview of these five cases.
| Catheter approaches and RFCA techniques used for APs at the site of prior mitral VS
A 
| Catheter approaches and RFCA techniques used for APs at the site of prior tricuspid VS
Radiofrequency catheter ablation of APs at the site of prior tricuspid VS was successful in all three patients (Table 2 ). In these three patients, who had Ebstein anomaly and WPW syndrome, delta waves were detected on post-TVR ECG; moreover, all three patients had APs with slow and decremental conduction. The trans-prosthetics and above-prosthetics approaches were used in two and one patient, respectively. We further provide an overview of these three cases.
A 23-year-old male patient (No. 7) with WPW syndrome had undergone TVR with a bileaflet mechanical valve for Ebstein anomaly.
ECG showed no delta wave before surgery. Just after surgery, narrow QRS tachycardia and a delta wave were noted. RFCA for right posterior AP was attempted four times before the patient was referred to our hospital. RFCA failed on the first three attempts. Upon the 
| D ISCUSS I ON
| Overview of findings
The main findings of this retrospective study were that: (a) APs at the site of prior TVR for Ebstein anomaly had decremental conduction property; (b) the transaortic approach, CS approach, and bipolar ablation technique using the transaortic and CS approaches were occasionally effective in RFCA for APs at the site of mitral VS; (c) the transseptal approach was not effective; and (d) the trans-prosthetics approach was effective in RFCA for APs at the site of tricuspid VS.
| Challenges in RFCA of APs at the site of prior VS
It is challenging to perform RFCA for APs at the site of prior VS.
Several aspects contribute to this difficulty. First, the prosthetic valve or annuloplasty ring impedes the catheter approach and delivery of radiofrequency energy to the APs. It is because the sewing ring of the prosthetic valve or annuloplasty ring was sutured with the annulus. 6 Second, there is severe fibrosis around the annulus owing to the prior VS, which may obscure AP signals and impede delivery of radiofrequency energy. 7 Therefore, detailed mapping of the areas both above and below the prosthetic valve is an essential step.
| Prevalence of APs with decremental conduction property
The prevalence of APs with decremental conduction property is reported at 7.6%-9.7% in patients without structural heart disease. 8, 9 The prevalence of decremental conduction APs among patients with Ebstein anomaly is comparable to that noted among patients with structurally normal heart. 10 However, decremental conduction APs are more frequent in patients with persistent left superior vena cava. 11, 12 In the present study, the prevalence of APs with decre- Thus, slow and decremental conduction property may be the reason why none of the three patients in this study who had APs at the site of prior TVR exhibited preexcitation on preoperative ECG.
| Transaortic approach
Mapping of the areas both above and below the prosthetic mitral valve can be performed using the transseptal and transaortic approaches. For RFCA of APs at the site of mitral VS (six cases), the transaortic approach was successful in two patients but failed in another two patients, whereas the transseptal approach failed in all five patients in whom it was attempted. The position of the mechanical mitral valve may account for this discrepancy in success rate.
Specially, the transaortic approach might be effective if the mechanical valve is located slightly toward the atrial side, but not if the mechanical valve is located at the true mitral annulus. In patients with a relatively small mitral valve annulus, cardiac surgeons occasionally implant the mechanical valve slightly on the atrial side from the mitral valve annulus. Because it is difficult to determine the exact position of the mechanical valve based on imaging alone, it is important to map the areas both above and below the mechanical valve.
| Trans-prosthetics approach
The above-and trans-prosthetics approach facilitated detailed mapping of areas above and below the prosthetic tricuspid valve.
Generally, it is safe that the catheter is passed through a bioprosthetic valve with particular care. 4 It is not recommended to pass the catheter through the mechanical valve, as doing so carries a risk of catheter entrapment, mechanical valve damage, and acute regurgitation through the mechanical valve. However, this recommendation is based mainly on reports of cases involving caged-ball or tilting-disc valves. [16] [17] [18] In our patients, the ablation catheter was passed through the bileaflet mechanical tricuspid valve by carefully manipulating the catheter under fluoroscopic guidance. There were no complications and it was feasible to retain the ablation catheter across the mechanical valve for about 10-15 minutes.
In Ebstein anomaly, the tricuspid annulus is separated into the true (or anatomic) annulus and the functional annulus, which is displaced downward. 19, 20 During TVR for Ebstein anomaly, the prosthetic valve is usually implanted on the atrial side to avoid injury to the conduction system. 20, 21 In patients with Ebstein anomaly, the right APs can be successfully ablated at the true annulus. 10 Therefore, to ensure successful RFCA for right APs in patients with Ebstein anomaly, it is necessary to accurately map the area below the prosthetic valve.
Right coronary angiography is helpful for recognizing the location of the true tricuspid annulus because the right coronary artery demarcates this landmark. 21 The exact lateral view of the mechanical valve leaflets is suitable for fluoroscopic guidance of the trans-prosthetics approach because this view provides helpful information about the location of leaflet hinges, as well as leaflet motion.
| Bipolar ablation technique
Ensuring effective radiofrequency energy delivery to the AP is critical because the prosthetic components and fibrotic tissue around the annulus hinder energy delivery. Using the bipolar ablation technique, a deep and transmural ablation lesion can be created. [22] [23] [24] In our patients, the second ablation catheter, which served as a dispersive electrode, was connected to the port for the dispersive patch of the radiofrequency generator and to the ECG recording system using a custom-made cable ( Figure S1 ). To apply the bipolar ablation technique for RFCA of left APs, the ablation catheter should be placed under the mechanical mitral valve via the transaortic approach, whereas the dispersive catheter should be placed in the CS. This setup with the ablation catheter at the ventricular endocardial area and the dispersive catheter at the atrial epicardial area facilitates ablation of the AP because the AP is located between the ablation catheter and dispersive catheter. Ablation can be started at low power (10 W), followed by a gradual increase up to 30 W with impedance monitoring to avoid steam pop, which is more likely to occur at a power of ≥30 W. 23, 25 Damage to the left circumflex coronary artery can occur when RFCA is performed around the CS. 26, 27 Therefore, particular attention should be paid to any symptom of chest pain and to signs of ST segment deviation on ECG monitoring.
| Stepwise approach to APs at the site of prior VS
Based on the success rate and accessibility, we suggest a stepwise approach to RFCA of APs at the site of prior mitral or tricuspid VS. In patients with prior mitral VS, we recommend the following strategy:
transaortic approach → transseptal approach → CS approach → bipolar ablation (an ablation catheter below the prosthetic valve via the transaortic approach and a dispersive catheter in the CS) → surgical ablation ( Figure 4A ). In patients with prior tricuspid VS, we recommend the following strategy: above-prosthetics approach → trans-prosthetics approach → bipolar ablation (ablation catheter below the prosthetic valve and dispersive catheter above the prosthetic valve) → surgical ablation ( Figure 4B ).
| Study limitations
The number of patients in the present study was small because the prevalence of AP among patients with prior mitral or tricuspid VS is generally very low. Furthermore, there were insufficient data regarding the patients described in previously published case reports and included in the present study (historical-VS subgroup), and we could not exclude publication bias. Moreover, because case reports describing failed procedures and patients with recurrence or complications may be less likely be published, we could not conduct between-group comparisons of the success, recurrence, and complication rates. Additionally, we could not validate the safety of passing the catheter across the mechanical mitral or aortic valve. As our patients only had bileaflet valves, we were not able to suggest useful catheter approaches and RFCA techniques for RFCA of APs adjacent to mechanical valves with caged-ball or tilting-disc design. Finally, we could not validate the efficacy of the bipolar ablation techniques for right APs in patients who underwent TVR. Further studies are needed to clarify the efficacy and safety of the stepwise approach for APs at the site of prior VS.
| CON CLUS IONS
To achieve successful RFCA of APs at the site of prior VS, it is important to conduct detailed mapping of the areas both above and below the prosthetic valve, as well as to ensure effective radiofrequency energy delivery using various catheter approaches and RFCA techniques.
